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membrane bilayer which involves a cross-linking of the
membrane receptors.
These experiments indicate that cross-linking of inte-
gral membrane proteins can alter the observed bilayer
rigidity. By changing the lipid bilayer structure, cross-
linking of specific proteins may be a factor in altering the
lateral arrangement of other membrane components.
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Biphasic Arrhenius plots of membrane-bound enzymes
have been interpreted as phase changes or phase separa-
tions in the membrane lipid bilayer (1). However litera-
ture reports can also be found where biphasic Arrhenius
plots are attributed to conformational changes of the
enzyme without interference of lipids (2).
We have made use of the experimental observation that
the effect of pressure on protein conformational transition
temperatures is much smaller (2-5 K/kbar) than the
effect of pressure on the phospholipid phase transitions
(20-25 K/kbar), the latter being a true melting phenome-
non (3). Our experiments do not exclude the occurrence of
protein conformational changes but indicate whether
changes in the activity of enzymes are controlled by the
physical state of the lipid or whether they are controlled by
the protein without the involvement of lipids.
RESULTS AND DISCUSSION
In our experiments, the activity of the enzymes is
measured, under steady-state conditions, as a function of
pressure. A break is observed at a characteristic pressure.
The pressure at which the break occurs is dependent on
temperature (dp/dT). The data are represented as pres-
sure effects on breaks in Arrhenius plots (dT/dp).
As a first example, pressure effect on biphasic Arrhe-
nius plots of Azotobacter nitrogenase was studied (4). The
temperature at which the break occurs increases with
increasing pressure (dT/dp = 20 K/kbar). This is in
agreement with the pressure dependence of the transition
temperature of several synthetic phospholipids (5). Deter-
gents and phospholipase A remove the break. Reconstitu-
tion can be performed only with specific phospholipids.
The conclusion is that lipids are involved in the break.
Similar pressure effects were found on the Arrhenius
plots of Na-K-ATPase from pig kidney outer medulla
when ATP is used as a substrate (dT/dp = 27.7 K/kbar).
Interestingly, the p-nitrophenylphosphatase activity of the
enzyme shows no biphasic Arrhenius plots and likewise no
biphasic plots are observed for the activity as a function of
pressure (6). This indicates that the activity of the enzyme
towards this substrate is not controlled by the lipids.
The sarcoplasmic reticulum Ca-Mg-ATPase is of
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special interest since it is one of the most studied
membrane enzymes. The break in the Arrhenius plot has
been ascribed to a conformational change of the protein
(2). We have measured the activity of the enzyme opti-
cally with a coupled enzyme assay up to 1,000 bar (7). At
250C a break in the activity vs. pressure is observed at 300
bar. At 350C this break occurs at 700 bar. From experi-
ments at different temperatures we obtain dT/dp = 27
K/kbar. This is an indicator of the involvement of lipids in
the Arrhenius discontinuities.
In conclusion, pressure effects on the breaks in Arrhe-
nius plots provide evidence, at least for the systems studied
here, for a mechanism whereby a change in the physical
state of the lipids is the trigger for a consequent change in
the protein such as conformational changes and/or asso-
ciation phenomena. Since in many cases the breaks in the
Arrhenius plots are not related to changes in the fluidity of
the bulk membrane lipid, the simplest interpretation of the
observed pressure effect is the existence of a lipid annulus
around the enzyme.
A more general conclusion is that temperature together
with pressure are important parameters for the study of
membrane phenomena. Because thermotropic lipid transi-
tions are more sensitive to pressure than conformational
changes in proteins, pressure is a useful tool for discrimi-
nation between both phenomena in more complex
systems.
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